The purpose of the guideline is to make evidence based recommendations for the application of blood grouping and red cell antibody testing in pregnancy. The aim is to predict the potential for, and where possible prevent, haemolytic disease of the fetus and newborn (HDFN).
INTRODUCTION
The purpose of the guideline is to make evidence based recommendations for the application of blood grouping and red cell antibody testing in pregnancy. The aim is to predict the potential for, and where possible prevent, haemolytic disease of the fetus and newborn (HDFN).
The blood group and antibody status of a pregnant woman should be tested at booking and at 28 weeks gestation to identify the ABO group and D status and to detect red cell antibodies that have the potential to be clinically significant. Some antibodies (including anti-D, anti-K and anti-c) are associated with significant fetal and neonatal risks, such as anaemia, jaundice or perinatal loss. There are many antibodies that are unlikely to significantly affect the fetus but that can cause neonatal anaemia and hyperbilirubinaemia, while others may cause problems for the screening and timely provision of appropriate blood for the woman or baby.
This guideline updates the previous guidance published in [BCSH 2007 , and takes into account recent developments in fetal medicine, such as the widespread use of non-invasive monitoring for fetal anaemia by middle cerebral artery (MCA) Doppler ultrasound scanning, together with the facility to determine the relevant genotype of the fetus from DNA in maternal blood samples in many potential cases of HDFN as described in the recent Royal College of Obstetricians and Gynaecologists (RCOG) Green-top Guidelines (2014) for the management of women with red cell antibodies during pregnancy. Information from these investigations has changed the requirement for ongoing serological monitoring of red cell antibodies identified in pregnancy, and this has been taken into consideration in developing updated recommendations. The National Institute for Health and Care Excellence, (NICE) Guideline 62, 'Antenatal Care' was reviewed and re-published in 2010 but updated recommendations for blood grouping and antibody screening were however not included.
consensus by members of the Transfusion Task Force of the British Committee for Standards in Haematology.
The guideline was reviewed by a sounding board of UK haematologists, the BCSH (British Committee for Standards in Haematology) and the BSH Committee (British Society for Haematology) as well as representatives from the Royal College of Obstetrics and Gynaecology. Reviewers' comments were incorporated where appropriate. Criteria used to assign levels of evidence and grades of recommendations are as outlined by the GRADE (Grading of Recommendations Assessment, Development and Evaluation) working group (www.gradeworkinggroup.org), as outlined in Table 3 .
SECTION 1. RECOMMENDATIONS FOR CONSENT, SAMPLES AND REQUEST FORMS.
Providing information about any blood test and obtaining consent is a clinical responsibility and informed consent should be obtained and documented prior to samples being taken [NICE, Guideline 62, 2008] .
Identification of samples and completion of request forms.
It is essential that samples from pregnant women are correctly identified and that request forms are accurately completed. Misidentification at the time of sampling could lead to an incorrect blood group being assigned to the transfusion record. This could result in errors in anti-D Ig prophylaxis (missed or inappropriate administration of prophylactic anti-D Ig) and errors in the selection of blood components. [BCSH 2014 and SHOT 2011] .
It is essential that the request form and sample conform to the requirements described in the guidelines on the administration of blood components [BCSH, 2009] In addition, it is essential that any previous administration of prophylactic anti-D Ig in the current pregnancy, including date and dose, is recorded on the laboratory request form. A clinical history, particularly of previous children who were affected by HDFN and of previous transfusions, is essential information and should be stated on the request form.
Pre-printed labels should not be used to label pre-transfusion blood sample tubes for compatibility testing or antenatal screening. Samples should be hand labelled or labels that are printed "on demand" (printed at the patient's bedside) are acceptable as an alternative to handwritten labels.
Recommendation:
All laboratory testing procedures should be validated in compliance with published guidelines [BCSH 2012-a, Grade 1B].
ABO/D typing.
A record of the pregnant woman's ABO and D type performed at booking is useful as confirmation of any subsequent testing performed on another sample taken at the point of need, should the woman or her baby require blood transfusion at a later date.
Maternal D typing is also undertaken to identify D negative women who require anti-D Ig prophylaxis. 
Recommendation

Screening for red cell antibodies.
Maternal antibody screening is undertaken to detect clinically significant antibodies, which might affect the fetus and/or newborn, and to detect antibodies that may cause problems with the provision of compatible blood components for the woman and for the fetus/newborn. Approximately 1% of pregnant women are found to have clinically significant red cell antibodies [Howard et al, 1998 , Koelwyn et al 2008 , Smith et al 2013 . Of these, the most common specificity is still anti-D, although the universal introduction of routine ante-natal anti-D Ig prophylaxis (RAADP) has reduced the sensitisation rate. There has been an increase in the number of positive antibody screens as a result of passive anti-D Ig.
Recommendation:
The screening cells and methods used for red cell antibody screening should comply with the guidelines for compatibility procedures in blood transfusion laboratories; BCSH 2012-b (Grade 1B).
A recent metanalysis has suggested that there is a correlation between IgG anti-A / B titres and outcomes (Li et al 2015) . Due to poor reproducibility in individual cases and a relatively low incidence of severe disease in a UK population however testing for a high concentration of immune anti-A and/or anti-B in pregnant women is not recommended. [Mollison et al, 1997] .
There is no additional value in using an enzyme technique in routine antibody screening, because additional clinically insignificant antibodies might be detected, resulting in unnecessary follow-up testing. [Clark et al, 1999] .
Antibody identification
When a positive antibody screen is obtained and red cell antibodies are detected, further testing of maternal blood should be undertaken to determine the specificity(ies) present, to exclude other clinically significant specificities, to determine the concentration / strength of antibodies (using titration or a method of quantification) and the likelihood of HDFN.
Recommendation:
The procedures used for identification and exclusion of red cell antibodies should comply with the guidelines for compatibility procedures in blood transfusion laboratories; BCSH 2012-b (Grade 1B).
Once red cell antibodies have been identified in pregnancy, the identification process should be repeated with each additional sample taken to identify or exclude any additional clinically significant maternal alloantibodies, since women who have developed an alloantibody are at greater risk of developing additional antibodies. This will ensure that all antibodies that have potential to cause HDFN are monitored, and will facilitate timely provision of compatible blood if required for the woman and/or for the baby. The frequency of repeat tests for antibody screening and identification will be determined by the specificity and strength of antibody and whether an intrauterine transfusion (IUT) has been administered.
Measurement of antibody concentration
The concentration of each clinically significant red cell antibody is measured throughout pregnancy, initially to guide the need for referral to a fetal medicine specialist and subsequently to guide management of the pregnancy including investigations and intervention. [RCOG 2014] .
Recommendation:
The concentration of each antibody capable of causing HDFN should be assessed independently. For specificities where there is a national standard preparation, quantification should be undertaken. Other antibody specificities should be measured using titration. (Grade 1C).
Antibody quantification
Quantification requires specific equipment and measures antibody concentration against a national standard [National Institute for Biological Standards and Control (NIBSC)]. Anti-D and anti-c are the only antibodies that are currently quantified and they are reported as IU/mL.
Where possible, each sample should be tested in parallel with the previous sample and the results compared to identify significant changes in antibody concentration.
Antibody titration
Titration is used to assess the concentration of clinically significant red cell antibodies other than anti-D and anti-c. Doubling dilutions (1 in 2, 1 in 4, etc) of plasma prepared in phosphate buffered saline are tested by IAT using reagent red cells, where possible, showing heterozygous expression of the corresponding antigen(s). Care must be taken in selecting cells for titration where more than one antibody specificity is present (including prophylactic anti-D Ig and clinically nonsignificant antibodies) to ensure that the concentration of each specificity is assessed independently, e.g. where anti-K+Fy a are present titrate against K-, Fy(a+b+) and K+k+, Fy(a-) cells.
Careful attention to technique is necessary to minimise the variables in the methodology employed, and it is recommended that the NIBSC anti-D standard [NIBSC 2010a ] be titrated guide.medlive.cn in parallel, as an internal control, to ensure reproducibility of results in-house. The reported titre is the reciprocal of the highest dilution that gives a positive reaction, and the grade of reaction taken as the end point for this should be defined in the standard operating procedure, e.g. the last dilution giving a 1+ reaction. An increase in titre of more than one dilution (e.g. a previous titre of 2 rising to a subsequent titre of 8) is considered to be a significant rise, and the titration of the previous sample in parallel is recommended wherever possible, to verify that the change in titre is not due to variability in the method.
Evidence from external quality assessment (EQA) exercises shows variability in titration results both between and within technologies in common use (e.g. tube, column agglutination (gel and bead), and solid phase), and this should be taken into consideration when assessing results from different institutions. [UK External Quality Assessment Scheme for Blood Transfusion Laboratory Practice -reports of antibody titration exercises and questionnaires distributed with exercises 07E7 July 2007 and 11E8 November 2011].
Paternal Testing
Where a clinically significant antibody capable of causing HDFN is present in a maternal sample, determining the father's phenotype can provide useful information to predict the likelihood of the fetus expressing the relevant red cell antigen and for counselling the couple regarding future pregnancies. It should be recognised that in any pregnancy the partner may not be the biological father. Furthermore, in cases where the pregnancy has been facilitated by assisted conception with sperm donation from a donor panel, the pregnant woman's partner will not be the biological father. It is reasonable to omit paternal testing and proceed directly to fetal genotyping using cffDNA, where available, in order to avoid issues of nonpaternity where indicated. [RCOG 2014] .
Recommendation
If potentially clinically significant maternal antibodies have been identified paternal testing should be considered to predict the risk to current and future pregnancies. This may be particularly relevant if non-invasive fetal genotyping is not available for the corresponding red cell antigen. (Grade 1B)
Fetal genotyping
Fetal DNA for genotyping by PCR can be obtained by amniocentesis or chorionic villus sampling. However, such invasive techniques carry a risk of miscarriage and may boost maternal antibodies, if present.
It is now possible to determine fetal RHD, RHCE and KEL*01 genotypes at or after 16 weeks gestation using cell-free fetal DNA (cffDNA) from maternal blood samples, thereby avoiding the need for invasive fetal blood sampling [Daniels et al 2009] . This is useful both in predicting HDFN in individual cases where clinically significant red cell antibodies are present, and as mass screening to guide anti-D Ig prophylaxis for D negative women with no immune anti-D.
Fetal genotyping in alloimmunised pregnancies
Fetal genotyping is a useful diagnostic tool when either a, b or both are identified in combination with c: a)
A pregnant woman has a clinically significant antibody b)
A pregnant woman has a history of HDFN and c)
The father's antigen status is unknown or he expresses the corresponding antigen.
The false negative rate for such tests may be approximately 0.1-0.3% based on large volume testing (Finning et al 2008 Chitty et al 2014 . For low throughput testing the figure is less well defined. The KEL*01 assay detecting a single nucleotide polymorphism in the fetus has a particularly close cut off between positivity and negativity. It is particularly important that reference laboratories are provided with feedback on the blood group of the baby at delivery to provide additional quality assurance. Given the low rate of response to requests for feedback on the neonatal blood group there may be additional assay failures that are not known about or investigated by the reference laboratory (E Massey personal communication).
It is important that samples are not sent too early in pregnancy as the levels of cffDNA rise with gestation. At the time of writing there are two laboratories in the United Kingdom providing cffDNA blood grouping. This situation may change and it is important to ensure that samples are taken and referred in accordance with the defined requirements of the laboratory performing the testing. False negative results of cffDNA typing have been reported for KEL*01 (K) at 17 weeks gestation [Finning 2007 ]. The false negative rate for RHCE (for c) and RHD (for D) genotyping performed at or after 16 weeks gestation is less than 1% [Finning et al 2008] .
Testing even later than 16 weeks may be advised for certain assays by individual reference laboratories and it is important to ensure that laboratory specific guidance on the earliest reliable gestation for testing is followed. 
Fetal genotyping to guide anti-D Ig prophylaxis in non-immunised D negative women
Currently approximately 40% of D negative women (40,000 in the UK/ per annum) will be given anti-D Ig prophylaxis unnecessarily as they are carrying a D negative fetus. Routine fetal RHD typing for all D negative pregnant women has been introduced in Denmark, Finland and the Netherlands to allow selective use of anti-D Ig prophylaxis. This helps reduce unnecessary exposure of young women and their fetuses to a blood product with reduction in costs related to the provision of anti-D Ig prophylaxis and tests related to fetomaternal haemorrhage (Clausen et al 2012 , Chitty et al 2014 . This service is now provided by IBGRL in England but not routinely implemented. The NICE diagnostics assessment programme will assess the clinical and cost-effectiveness of highthroughput, non-invasive prenatal diagnosis of fetal RHD status in order to make recommendations on its routine use within England (www.nice.org.uk).
For mass throughput screening of all D negative pregnant women cffDNA testing for RHD is sufficiently accurate from 11 weeks gestation with false negative rates of 0.1-0.3% (Finning et al. 2008; Geifman-Holzman et al. 2006; Daniels et al. 2009 , Chitty et al. 2014 . It is however advisable to test the fetal RHD status using a more sensitive and specific methodology at a later gestation for alloimmunised pregnant women as described above. There is evidence that antibodies first detected after 28 weeks gestation are less likely to cause clinically significant HDFN [Rothenberg et al, 1999; Heddle et al, 1993] . Further, and significantly, the introduction of RAADP has resulted in the detection of anti-D Ig in samples taken after 28 weeks gestation from D negative women [Cambic et al 2010] . Since it is not possible to differentiate between prophylactic anti-D Ig and immune anti-D until the latter has reached a high enough concentration in reference quantification to exclude the former, there is the potential for confusion between the two [New et al, 2001] . (see section 4.1)
Recommendation
Recommendation: All pregnant women should be ABO and D typed and screened for the presence of red cell antibodies early in pregnancy (at booking) and at 28 weeks gestation. In D negative women the 28-week sample should be taken before the administration of RAADP (Grade 1B, NICE guideline 62 2008).
Recommendation:
In pregnant women with no clinically significant red cell antibodies capable of causing HDFN present at 28 weeks gestation, no further routine antenatal blood grouping or antibody screening is necessary. (Grade 1B)
SECTION 4. RED CELL ANTIBODIES DETECTED IN PREGNANCY.
Anti-D, anti-c and anti-K are the antibodies most often implicated in causing haemolytic disease severe enough to warrant antenatal intervention [Koelewijn et al 2008] . Pregnancies in women with a previous history of confirmed significant HDFN should however be considered at risk, and referral to a fetal medicine specialist made regardless of the antibody specificity(ies) identified. In all other cases, follow-up testing protocols are dictated by the specificity and concentration of the antibodies identified. Regardless of antenatal follow-up regimes, antibody identification should always be performed to check for the appearance of additional specificities, prior to maternal or fetal transfusion. Quantification by continuous flow analyser (CFA) gives an objective measurement of antibody concentration in IU/mL anti-D. All anti-D detected in pregnancy should be quantified by CFA with reference to the NIBSC anti-D standard [NIBSC 2010b] , or tested by a method that has been extensively validated against CFA and that gives a result that is expressed in or can easily be converted to IU/mL anti-D.
Recommendation
The only exception is where anti-D is detected for the first time immediately prior to or at the time of delivery, e.g. in a pre-delivery group and screen sample, in which case the sample need not be sent for quantification, but the baby should be monitored for signs of HDFN as treatment decisions will need to be made on the basis of the severity of any anaemia and/or jaundice. The results of quantification are unlikely to have a major influence on clinical decisions at this stage and are not available as quickly and measures of haemoglobin and bilirubin. Maternal anti-D quantification may be performed at a later stage if deemed necessary.
The quantification results should be viewed in the context of the timing and dose of any anti-D Ig given previously, the reason for its administration, the route of administration and the antibody status at the time of administration. The clinical history and knowledge of the results of previous laboratory testing are paramount in clinical decision making where anti-D is detected in pregnancy, and every effort should therefore be made to obtain this information.
Even if anti-D Ig has been administered for a potentially sensitising event prior to 28 weeks it must be assumed that anti-D detectable at or before 28 weeks may be immune as levels can rise dangerously between 28 weeks and term. Therefore monitoring should be undertaken as if the antibody may be immune (until anti-D is no longer detectable), while continuing to administer anti-D Ig as indicated in the BCSH guideline for the use of anti-D Ig to prevent HDFN (BCSH 2014).
Procedures to follow where anti-D is detected in pregnancy (figure 3)
a. Determine whether anti-D Ig has been administered (not just issued) and its clinical indication i.e., whether as RAADP or following a potential sensitising event, by asking the woman and seeking written confirmation in the notes.
b. Undertake quantification (unless immediately prior to delivery, in which case the baby should be monitored for signs of HDFN).
c. If any of the following apply, then the antibody should be monitored as for immunised women, i.e. at 4 weekly intervals to 28 weeks gestation, and at 2 weekly intervals after 28 weeks, until delivery (or until serial monitoring by middle cerebral artery (MCA) Doppler has been instituted and serial testing deemed unnecessary, or anti-D is no longer detectable):
• Anti-D was detected at or before the 28 week gestation RAADP administration (even if anti-D Ig was administered earlier in pregnancy as the risk of falsely labelling immune anti-D as passive anti-D Ig when detected at or prior to 28 weeks gestation is significant) • There is no definite record of prior anti-D Ig administration.
• Anti-D was present before the first administration of anti-D Ig at any gestation.
• The level of anti-D is greater than or equal to 0.2 IU/mL. • Anti-D was not detectable in a sample taken immediately prior to RAADP administration (the timing of RAADP should be at 28 weeks gestation but will sometimes be slightly earlier or later). Where anti-D has been shown to be immune (see section 4.1.2), an increase in concentration of 50% or greater, compared with the previous concentration, suggests a significant increase, irrespective of the period of gestation as this would be a greater than expected variation in a validated test (BCSH-a 2012, Allard et al).
When account has been taken of previous history of HDFN, the concentrations of anti-D shown in Table 1 have been used to guide the management of pregnancies [Nicolaides and Rodeck, 1992] . Non-invasive MCA Doppler can then be used to detect and monitor fetal anaemia [Scheier et al 2004; RCOG 2014] . Pregnant women with an anti-D concentration of 4 IU/mL or greater and/or a rising anti-D concentration and/or a history of offspring affected by HDFN should be referred to a fetal medicine specialist for further assessment including MCA Doppler. It should also be noted that HDFN has rarely also been reported with anti-D at less than 4IU/mL. [Bowell et al, 1982] . Where the anti-D concentration is greater than that attributable to the presence of passive anti-D Ig, but <4 IU/mL, anti-D quantification should be repeated every 4 weeks until 28 weeks gestation, and every 2 weeks thereafter, until delivery. Once referral to a fetal medicine specialist has been made and serial MCA Dopplers are being performed, the value of anti-D quantification on subsequent samples is doubtful, especially if the concentration is already in the high risk range [RCOG 2014] . As a minimum however a sample should still be tested for the presence of further red cell antibodies at 28 weeks gestation, and whenever blood is required for transfusion, e.g. for IUT. The multidisciplinary team including the laboratory should be informed of the testing plan to prevent confusion and unnecessary interventions, e.g. the laboratory requesting follow up samples in cases where the clinical team have decided that they are not required.
Fetuses at risk of HDFN should be delivered at 37 weeks gestation to minimise the duration of exposure to maternal blood group antibodies (RCOG 2014).
The D status of the fetus of pregnant women with a significant concentration of anti-D should be determined using cffDNA from a maternal peripheral blood sample. This technique currently has a false negative rate of <1% [Daniels et al 2010] . The result of this test can be used as a guide to the frequency and nature of ongoing monitoring (See section 2.6).
If the sample in which anti-D is detected is for routine antenatal antibody screening or is pretransfusion, D negative screening cells, selected to provide all red cell antigens as specified for screening panels in the BCSH compatibility guidelines (BCSH-b; 2012, Milkins et al), can be useful to detect or exclude the presence of alloantibodies of other specificities. However, if this approach is taken, the risk of using such a screening panel for other patients in error and potentially missing an immune anti-D should be considered.
Pregnant women with apparent anti-C+D, possible anti-G
A proportion of antibodies with apparent anti-C+D specificity, (usually, but not always, with disproportionately high anti-C titres) can be demonstrated, by advanced serological techniques, to be anti-G or anti-C+G, rather than straightforward anti-C+D. [Maley et al, 2001] . Women who have produced anti-G or anti-C+G, but not anti-D, remain at risk of producing immune anti-D and should be offered RAADP and post-delivery anti-D Ig prophylaxis. It is important to identify these cases to ensure appropriate follow-up and access to anti-D Ig prophylaxis, and therefore, a reference centre should confirm examples of apparent anti-C+D specificity . Where anti-G is suspected, the Rh phenotype of the partner may be useful as part of confirmatory testing at a reference centre.
Recommendation:
A reference centre should confirm antibody specificity in women with apparent anti-C+D. (Grade 2B)
Pregnant women with immune anti-c
Pregnant women with anti-c should be re-tested with the same frequency as women with immune anti-D, i.e. at least 4 weekly to 28 weeks gestation and every 2 weeks thereafter, until delivery. Quantification of anti-c is useful in monitoring any increase in the antibody concentration. Samples from pregnant women with anti-c should be quantified with reference to the NIBSC anti-c standard [NIBSC 2010c ] and, where possible, the previous sample should be tested in parallel, as for immune anti-D. Antibody identification should be undertaken to exclude or confirm the presence of other clinically significant antibodies.
In conjunction with any previous history of HDFN, the concentrations of anti-c shown in Table 2 are indicative of the requirement to refer to a fetal medicine specialist [Kozlowski et al, 1995] . Once referral to a fetal medicine specialist has been made and serial MCA Dopplers are being performed, the value of undertaking anti-c quantification on subsequent samples is doubtful, especially if the concentration is already in the high risk range [RCOG 2014] . As a minimum however a sample should still be tested for the presence of further red cell antibodies at 28 weeks gestation, and whenever blood is required for transfusion purposes e.g. for IUT. The multidisciplinary team including the laboratory should be informed of the testing plan to prevent confusion and unnecessary interventions, e.g. the laboratory requesting follow up samples in cases where the clinical team have decided that they are not required.
The c status of the fetus of pregnant women with a significant concentration of anti-c should be determined using cffDNA from a maternal peripheral blood sample. This technique currently has a false negative rate of <1% [Daniels et al 2010] . The result of this test can be used as a guide to the frequency and nature of ongoing monitoring (See section 2.6).
It is important to note that anti-c may cause delayed anaemia in the baby.
Pregnant women with immune anti-K, or other Kell blood group system antibodies
Where detected, antibodies to other antigens in the Kell blood group system [e.g. anti-k, -Kp HDFN due to anti-K is characterised by low haemoglobin concentration, but elevated amniotic and/or cord bilirubin levels are not generally reported. The fetal anaemia associated with anti-K may be due to the inhibition of K positive erythroid early progenitor cells [Vaughan et al, 1998 ] and/or to promotion of their immune destruction [Daniels et al b, 2003 ]. It has been stated in some texts that the severity of HDFN due to anti-K is not correlated with titre of the antibody and publications prior to 1995 cited occasions where severe HDFN occurred despite low titres of anti-K. More recent case series of affected pregnancies have however suggested that severe HDFN is associated with antibodies with a titre of at least 32 [McKenna et al 1999; Ahaded et al 2000] . Therefore, samples from women with anti-K should be titrated (see 2.4.2) when first identified in the pregnancy, as for any clinically significant antibody, and serial titration should then be undertaken every 4 weeks until 28 weeks gestation, and 2 weekly thereafter, until delivery. Once referral to a fetal medicine specialist has been made and serial MCA Dopplers are being performed, the value of undertaking anti-K titration on subsequent samples is doubtful, especially if the titres are already in the high risk range [RCOG 2014] . The multidisciplinary team including the laboratory should be informed of the testing plan to prevent confusion and unnecessary interventions, e.g. the laboratory requesting follow up samples in cases where the clinical team have decided that they are not required.
The majority of cases of anti-K in pregnant women are the consequence of previous K positive transfusions. The incidence of anti-K can be reduced by selecting K negative units for transfusion to females with potential for childbearing, unless known to be K positive themselves [Lee & de Silva, 2004] . Therefore K negative units should be selected for females under the age of 50 years who are themselves K negative, or whose K type is unknown. However, emergency transfusions should not be delayed if suitable K negative units are not immediately available [BCSH 2012-b, Milkins et al] .
Partner testing, discussed in section 2.5, may be particularly relevant for women with anti-K as approximately 80% of anti-K detected in pregnant women results from previous transfusion and only 9% of the general population are K positive (although a higher proportion of partners of women with anti-K are K positive) [Lee & de Silva, 2004 , Daniels 2013 . It is important that the transfusion history of women with anti-K should be established and a sample from the father of the fetus should be K typed for counselling purposes. If the father's K type is unknown or he is K positive the pregnant woman should be referred to a fetal medicine specialist when anti-K is first identified for counselling and monitoring. If the father is K negative and a confidential enquiry establishes paternity, no further samples are required until 28 weeks gestation when further antibodies should be excluded (as for all women and any antibodies detected at 28 weeks). Any clinically significant antibodies identified, in addition to anti-K, should be monitored according to their specificity.
The K (KEL*01) status of the fetus of pregnant women with anti-K should be determined using cffDNA from a maternal peripheral blood sample if the father is heterozygous for the K antigen or if his antigen status is unknown. This technique currently has a false negative rate of <1% [Daniels et al 2010] . The result of this test can be used as a guide to the frequency and nature of ongoing monitoring (See section 2.6).
Recommendation:
Samples from pregnant women with immune anti-D or anti-c should be assessed serologically at 4 weekly intervals to 28 weeks gestation and at fortnightly intervals thereafter, until delivery. Such cases should be referred to a fetal medicine specialist if the antibody reaches the critical level and/or the level is rising significantly, where assessment of the need for further monitoring will be made (Grade 1B).
Pregnant women with anti-K or other Kell system antibodies [unless the father is confirmed to be negative for the corresponding antigen] should be assessed serologically at monthly intervals to 28 weeks gestation and at fortnightly intervals thereafter, until delivery. All cases should be referred to a fetal medicine specialist when the antibody is first identified. (Grade 1B)
In all cases where serial Doppler assessment of fetal middle cerebral artery flow rates is being undertaken and antibody levels are in the high risk range, ongoing assessment of antibody strength is unlikely to be of value and can be discontinued at the discretion of a fetal medicine specialist (RCOG Green-top 2014, Grade 1C).
Pregnant women with other red cell antibodies
It is only IgG antibodies that are capable of entering the fetal circulation, and red cell antibodies with a significant IgG component are detectable by IAT. 'Cold reactive', IgM and low affinity antibodies to high prevalence antigens [e.g. CR1-related antibodies] have not been implicated in HDFN.
In addition to anti-D, -c and -K, the following specificities are most commonly associated with HDFN: anti-C, -e, -E, -Fy a , and -Jk a [Moise 2000; Moran 2000; Goodrick et al 1997; Koelewijn 2008] . Many other specificities have however been reported as the cause of HDFN. Less common antibody specificities may be identified, some of which may be more prevalent in women of a specific ethnic origin, such as anti-Ge3 in the Hispanic population [Pate 2013] , and anti-M in the Japanese population [Yasuda 2013 ]; the anti-M having caused a form of delayed HDFN, similar to that caused by anti-K, including suppression of erythropoiesis. In most cases, re-testing at 28 weeks gestation generally provides sufficient information to determine management of the pregnancy.
A clinical decision should be made regarding the more frequent testing of women with a previous history of children with HDFN. The nature of past history may help define the intensity of monitoring. If there has been a previous baby which suffered hydrops, significant anaemia or jaundice then monitoring to prevent this at an intensity similar to that for anti-c, -D or -K would be warranted with regular Doppler USS and consideration of delivery at 37 weeks gestation. Similar to anti-c, -D and -K if the titres are above the trigger for MCA Doppler monitoring the value of serial measurement of antibody titre in addition is unclear.
In the absence of a history of HDFN, the likelihood of developing hydrops with antibodies of other specificities is lower than that of anti-D, -c and -K. For example in a case series of pregnant women with anti-E and titres >32, 5 (15%) had Hb <100g/L at delivery, 1 (3%) had hydrops fetalis and there was 1 (3%) perinatal death attributable to the antibodies [Joy et al 2005] . The likelihood appears to be even lower for other specificities such as anti-Fy a , -Fy b , -Fy3, -S, -s or -U, though some case series are selective and do not provide a denominator of a population of pregnant women with antibodies of the defined specificity [Goodrick et al 1997 , Smith et all 1998 , Nordvall et al 2009 , Pal and Williams 2015 .
It is likely that in the absence of a previous history of HDFN pregnant women with antibodies with titres >32 and specificities other than anti-D, -c and -K would not need to be monitored as frequently as those with a history of severe HDFN and / or the high risk antibody specificities anti-c, -D or -K. Rare cases of significant anaemia would be likely to be detected by MCA Doppler monitoring repeated at 28, 32 and 36 weeks gestation. The decision on the frequency of monitoring and the need for early delivery therefore will primarily be based on the history of previous pregnancies for the affected family and the reports and case series available in the world literature. A balance has to be made between intensive monitoring to the level advised for anti-c, -D and -K with a low yield in terms of intervention being required and a reduced level of monitoring with an attendant risk of missing progressive anaemia and hence delaying intervention.
The numbers of reported cases and well defined case series for antibodies against antigens other than anti-c, -D and -K are low. Research defining the risks and benefits of taking a less intensive approach to monitoring pregnant women with such antibodies would be welcomed. For information about other antibodies and their ability to cause clinically significant HDFN, it is recommended that further advice is sought from a transfusion medicine specialist in a red cell reference department. Reference tables for antibodies that have been associated with HDFN are available in the SNBTS guidelines, RCOG guidelines and NHSBT guidelines (SNBTS 2013 , RCOG 2014 , NHSBT 2015 Where an IgG antibody has been detected, testing of both first appointment and 28 week gestation samples should include titration (see section 2.4.2). In general, there is a risk that an antibody with a titre of 32 or greater will cause some degree of HDFN, although a clearcut association between titre and HDFN has not been established.
The presence of additional antibodies should be established and any clinically significant antibodies should be titrated or quantified depending on the specificity (see section 2.4). 
Recommendation
SECTION 5. REPORTS OF LABORATORY INVESTIGATIONS
In addition to blood group and specificity of any red cell alloantibodies present, reports must inform the clinician[s] responsible for the pregnant woman's antenatal care of the likely significance of the antibodies, with respect to both the development of HDFN and potential difficulties in providing compatible blood for transfusion [NICE (2008) CG62] . Reports should also, where relevant, alert the clinician to the need to refer the woman to a fetal medicine specialist. The woman should be given verbal and written information about the clinical significance of the antibody(ies) and it should be documented that she has been counselled in the patient record.
Details of the timing of further samples required should also be provided. There is minimal evidence that fetal red cells expressing the DVI antigen can cause maternal sensitisation. Therefore, the use of different reagents (detecting DVI as D positive) for typing cord samples is not recommended, as the risks of using the wrong reagent for routine testing, outweighs the risk of missing a DVI cord sample. Most examples of weak D antigen can be easily detected by selecting high affinity anti-D reagents. [BCSH, 2012] [Dalton et al, 2003; Parker et al, 2003; Dillon et al, 2011) and this may result in unnecessary additional investigations. There is evidence that prophylactic anti-D Ig does not cause significant haemolysis of fetal/neonatal red cells [Maayan-Metzger et al, 2001 ].
Recommendation
Testing on the cords and babies of women who have IAT reactive red cell antibodies
When the maternal serum has been found to contain an immune, IAT reactive red cell antibody(ies), the red cells from the cord should be tested for the corresponding antigen[s], wherever possible. A DAT should be performed on the cord sample, and the haemoglobin concentration and bilirubin levels should be checked (RCOG 2014) . In addition, the baby should be observed for clinical signs of jaundice [NICE guidance on neonatal jaundice, CG98].
A positive DAT is not, in itself, diagnostic of HDFN. Where the DAT is positive and the baby shows signs of HDFN, a red cell eluate may be helpful to confirm the red cell antibody specificity. IgG ABO antibodies occasionally cause severe HDFN, and so, if the baby has a major ABO mismatch with the woman, the eluate should also be tested with A 1 and/or B cells, negative for any other antigen against which the woman has made IgG alloantibodies. Regular assessment of bilirubin and haemoglobin concentrations is necessary and hence early discharge is not advisable [RCOG 2014 ].
Babies who have been transfused in utero with D negative units for the prevention of HDFN due to anti-D may type as D negative for several months after birth. [BCSH, 2014, Qureshi et al] . In this case, the baby's haemoglobin and bilirubin concentrations should still be checked to diagnose and/or exclude further evidence of clinically significant red cell destruction when D positive cells are released into the circulation. 
Pre-and Post-delivery testing of maternal samples
For women with no red cell antibodies at 28 weeks gestation, routine blood grouping and antibody screening of maternal samples, other than confirmatory D typing, is not necessary unless pre-transfusion compatibility testing is required. Detection of new antibodies immediately pre-delivery in previously non-sensitised pregnancies will not influence management of the current pregnancy, although if testing is undertaken and antibodies detected the woman should be informed as this there may be implications for future pregnancies. In alloimmunised pregnancies a pre or post-delivery maternal sample is required to predict neonatal transfusion requirements (as additional red cell antibodies potentially formed since the last screen will need to be matched for) and for crossmatching should neonatal transfusion be necessary.
A test for fetomaternal haemorrhage should be performed on the maternal blood sample from D negative women with no immune anti-D, to detect fetal cells in the maternal circulation, and, if necessary, to measure the volume of FMH, in order to determine any requirement for additional anti-D Ig. [BCSH 2009-b, Austin et al] . 
Recommendation
AUDIT
Audits of clinical and laboratory practice should be undertaken on a continuing basis to ensure compliance with these guidelines and, where identified, variance or concerns in relation to compliance, should be addressed [Department of Health, DH-a 1997; DH-b, 1998 ].
Examples of audits relevant to these guidelines (See appendix 1, audit tool):
• Sample labelling • Laboratory audit of testing and procedures vs. BCSH guidelines and performance in External Quality Assessment Schemes.
• Appropriate utilisation of non-invasive fetal typing.
• Compliance with the care pathway for blood grouping, antibody screening and administration of anti-D Ig.
• Ongoing monitoring and referral for specialist advice.
• That all women of childbearing potential receive K antigen-negative blood. (this could be an audit of the reason for alloimmunisation in women identified to have anti-K, or a laboratory practice audit), A detailed gap analysis for choosing audit topics is included as appendix 1.
Grading of Recommendations Assessment, Development and Evaluation (GRADE)
Since January 2010 BCSH guidelines have used the GRADE nomenclature (see Table 3 ) for assessing levels of evidence and providing recommendations in guidelines. For laboratory tests guidance is related specifically to clinical utility (that is the ability of a test to alter clinical outcome. 
Quality of Evidence (A) High
Further research is very unlikely to change our confidence in the estimate of effect.
(B) Moderate
Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
(C) Low
Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
(D) Very Low
Any estimate of effect is very uncertain. Once red cells antibodies are identified in pregnancy, the identification process is repeated with each additional sample to exclude any additional clinically significant maternal antibodies. The concentration of each antibody capable of causing HDFN is assessed independently. For specificities where there is a national standard preparation, quantification is undertaken. Other antibody specificities are measured using titration. Where possible each sample for titration is tested in parallel with the previous sample and the results compared to identify significant changes in antibody concentration.
All other clinically significant** antibodies
guide.medlive.cn Pregnant women with anti-D, -c -E and -K antibodies are offered non-invasive fetal blood grouping using cell-free fetal DNA (cffDNA) from maternal plasma.
This is performed at a gestation recommended by the reference laboratory used.
cffDNA tests are requested by obstetricians or fetal medicine specialists who can explain the implications of the test findings in the context of the full history and investigation findings.
Section 3 Antenatal Testing Protocols
All pregnant women who are D negative are considered for prophylactic anti-D Ig for potentially sensitising events as defined in guidelines for the use of anti-D Ig for the prevention of HDFN. All pregnant women are ABO and D typed and screened for the presence of red cell antibodies both early in pregnancy and at 28 weeks gestation, before the administration of RAADP. In women with no red cell antibodies present at 28 weeks gestation, no further routine antenatal blood grouping or antibody screening is undertaken.
Section 4
Red Cell Antibodies Detected In Pregnancy.
guide.medlive.cn Cases of anti-K or other Kell system antibody [unless the father is confirmed to be antigen negative] are referred to a fetal medicine specialist when the antibody is first identified. The antibody strength is assessed serologically at monthly intervals to 28 weeks gestation and at fortnightly intervals thereafter until delivery, unless advised otherwise by clinicians undertaking serial MCA Doppler. All cases Clinically significant antibodies, other than anti-D, -c or -K, are excluded or, if present, assessed by titration, at the booking appointment and at 28 weeks gestation. Where the titre is>32 and/or there is a past history of HDFN, referral to a specialist in fetal medicine is made for further assessment.
Section 5 Reports Of Laboratory Investigations
Reports inform the clinician[s] of the significance of the antibodies, with respect to the development of HDFN and transfusion problems.
Section 6 Action At Time Of Birth
All babies born to women who have clinically significant antibodies are closely observed for evidence of HDFN. A DAT is performed, and haemoglobin and bilirubin concentrations are measured.
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Section 7 Audit
Audits of compliance with the clinical and laboratory aspects of these guidelines are undertaken on a continuing basis and all variations or concerns addressed in a timely manner.
See text of guidelines for references and the grades of evidence.
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